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Specification 

1. Title of the Invention 

CULTURE LIQUID COMPOSITION AUTOMATIC REGULATING 
METHOD AND CULTURE LIQUID COMPOSITION AUTOMATIC 
REGULATING APPARATUS 

2. Claims 

(1) A culture liquid composition automatic regulating method in a 
hydroponic culture apparatus for growing a crop by circulating a culture liquid, 
characterized in employing three or more comparing electrodes to measure 
respective membrane potential differences through an anion exchange membrane 
and a cation exchange membrane between a culture liquid in use and a reference 
culture liquid of an optimum condition for growing the object product, detecting 
the amount of decrease in a culture liquid concentration from one of the 
membrane potential differences, also detecting the pH variation in the culture 
liquid from the difference between the two membrane potential differences, 
supplying a culture liquid tank with a decreased culture liquid concentration 
with supplementary culture liquid from a base culture liquid tank by electric 
means to make up for the decrease, and correcting for a variation in pH thereby 
constantly maintaining the composition of the culture liquid at the optimum 
condition for the growth of the object crop. 

(2) A culture liquid composition automatic regulating apparatus 
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characterized in that a container filled with a reference culture liquid of an 
optimum condition for the growth of an object crop and constituted entirely or 
partly of walls comprising anion exchange membrane, and a container 
constituted of a cation exchange membrane are arranged as to be in contact with 
the culture liquid in a culture liquid tank, with said ion exchange membrane wall 
portions between the interior of the containers and the culture liquid, a 
comparing electrode is immersed in the reference culture liquid in each 
container and comparing electrodes of a same kind are immersed, one in the 
culture liquid and the other on the other side of the ion exchange member 
constituting an entire wall or a part thereof of each container, and then each 
membrane potential is measured to detect a change in the composition of the 
culture liquid, and a solenoid valve, opened and closed according to the change 
thus detected is provided between the base culture liquid tank and the culture 
liquid tank. 

(3) A culture liquid composition automatic regulating apparatus 
characterized in that a container with walls made from an anion exchange 
membrane and a cation exchange membrane without mutual contact, and which 
is filled with a reference culture liquid of the optimum conditions for the growth 
of an object crop, is so arranged as to be in contact with a culture liquid in a 
culture liquid tank across said ion exchange membranes, one or two comparing 
electrodes are immersed in the reference culture liquid in the container while 
two other comparing electrodes of a same kind are immersed in the culture 
liquid across the membrane wall portions from the comparing electrodes in the 
reference culture liquid respectively, a change in the composition of the culture 
liquid is detected by measuring the respective membrane potentials, and a 
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solenoid valve opened and closed by a signal that said change has been detected 
is provided between the base culture liquid tank and the culture liquid tank. 

3. Detailed Description of the Invention 

The present invention relates to a method for automatically regulating a 
composition of a culture liquid, namely concentration and pH of the culture 
liquid, employed for a hydroponic culture and a regulating apparatus therefor, 
and is to provide, in place of a prior method of detecting concentration of the 
culture liquid by an electric conductivity meter and a pH of the culture liquid by 
a pH meter and automatically correcting the concentration and the PH of the 
culture liquid by an electric operation, a method of detecting an amount of 
decrease of the concentration in the culture liquid and a PH change by a 
membrane potential difference between a reference culture liquid optimum for 
the vegetable product and an object culture liquid, thereby inexpensively and 
easily achieving automatic regulation of the composition of the culture liquid, 
and a regulating apparatus therefor. 

Conventionally, as means for automatically controlling the concentration 
and the PH of the culture liquid in the hydroponic culture, there is employed a 
method of utilizing separate detectors such as an electric conductometer for the 
concentration of the culture liquid and a PH electrode for the PH. Such method, 
however, require separate detectors as mentioned above, and separate meters 
and control circuits therefor. Therefore the automatic control apparatus for 
the culture liquid composition in the prior method is not only bulky but also 
very expensive, and is thus hard to make practically usable. Also the culture 
liquid is prepared by dissolving inorganic neutral salts such as Ca(N0 3 )2-4H 2 0, 
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KN0 3 , MgS0 4 , NH4H2PO4 etc. in water, and, if these dissolved ions are absorbed 
into the plant from the root in the same composition as that in the culture liquid, 
PH would show only a small change whereas the electric conductivity of the 
culture liquid would decrease. Therefore, an actual PH change in the culture 
liquid is induced by an imbalance of the aforementioned inorganic ions absorbed 
through the vegetable root. Consequently, the separate control of the 
concentration and the PH of the culture liquid as in the prior method cannot be 
considered an optimum culture liquid automatic regulating method also from the 
standpoint of the vegetable growth. 

The present invention is a method of automatically managing the culture 
liquid, by utilizing a pair of comparing electrodes and detecting a change in the 
concentration of the culture liquid based on the potential difference generated 
between the electrodes opposite each other across an ion exchange membrane, 
namely a membrane potential difference, and also detecting a change in the PH 
of the culture liquid by comparing the absolute values of the membrane potential 
differences generated between the comparing electrodes across the ion exchange 
membranes of different polarities, thus being capable of inexpensively and 
exactly controlling the culture liquid by a pair of detectors. In general, in a 
system containing electrolyte liquids of different compositions across an ion 
membrane, in case the transport number of ions in the membrane is different 
from that in the electrolyte liquid, a potential difference between the solutions, 
namely a membrane potential difference Em, is generated and is represented by: 



wherein R is a gas constant, F is a Faraday constant, T is an absolute 
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temperature, ti is the transport number of ions i in the membrane, zi is a charge 
of ions i, a t ! and a" are active amounts of the ion i in both solutions. 

In case of an electrolyte solution of a relatively low concentration such 
as a culture liquid, almost exclusively only ions of one polarity can pass through 
the membrane, for example t- « 1 and t+ « 0 in case an anion exchange 
membrane is employed as the ion exchange membrane and t- « 0 and t+ « 1 in 
case a cation exchange membrane is employed as the ion exchange membrane. 
Therefore the potential difference between the sides of the ion exchange 
membrane, in a simple system such as: 

Ivrx^C^lmembrane! M + X"(C U ) 
can be approximated by: 

RT 

Em + « in — — — for cation exchange membrane 

F C m+ 

and 

Em" w - j^-ln for anion exchange membrane, 

F C x- 

thus generating a membrane potential difference proportional to the logarithm 
of a concentration ratio between both solutions. In case of a simple 
concentration difference as explained above, there is obtained a relation jEm + j « 
jEnTj. However, in case the balance of M + X"(C n ) is upset for some reason and 
becomes M + X"(C n - a) + M + Y"(a) (wherein Y* does not pass through the anion 
exchange membrane), there are obtained: 

„ + RT C ! m+ , 
Em w £n — - — and 

F C m+ 
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and the relation |Em + j « |Em"| no longer stands. 

The change in the PH value of the culture liquid in the course of growing 
a crop is caused by the aforementioned reason. More specifically, in the stage 
of preparing the culture liquid by dissolving inorganic ions, constituting the 
nutrition source taken through the root of the plant and in the form of neutral 
salts such as Ca(N0 3 ) 2 4H 2 O.MgS0 4 -7H 2 0, KN0 3 , NH 4 H 2 P0 4 etc., in a specified 
amount of water, these inorganic ions are contained by equivalent amounts of 
cations and anions. In the course of growing, the vegetable root does not 
absorb these inorganic ions stoichiometrically in the form of neutral salts, but 
absorbs anions such as N0 3 ions in a certain growth stage and cations such as 
Co ++ or K + in another growth stage, thereby causing an imbalance in absorption 
from the composition of the culture liquid. Therefore, the stoichiometry of 
inorganic ions contained in the culture liquid does not remain in the form of the 
neutral salts initially dissolved in water, but an electrical neutrality in the 
culture liquid is maintained by a change in the balance of ions H + and OH 
dissociated from water, namely in PH. In case the culture liquid causes not 
only a simple concentration decrease but also a concentration decrease involving 
an aforementioned composition change or a PH change, in comparison with the 
composition of the reference culture liquid, the membrane potential differences 
to the reference culture liquid across the ion exchange membranes, namely Em' 
across the anion exchange membrane and Em + across the cation exchange 
membrane become different. 

Utilization of the membrane potential differences as explained above 
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allows detection of the amount of change in the concentration of the culture 
liquid and the amount of change in the PH as inferred from the potential 
differences, thereby enabling an automatic management of the culture liquid 
composition. 

A measurement of the membrane potential differences resulting from 
composition changes, based on the following combinations of neutral salts 
generally employed as the culture liquid, provided results as shown in the 
following table. 

Reference culture liquid concentration 

MgS0 4 -7H 2 0 4 me/1, Ca(N0 3 ) 2 4H 2 0 8 me/1 

KN0 3 8 me/1, NH 4 H 2 P0 4 4 me/1 



comparing electrode: Ag/AgCl electrode 



concentration ratio and composition ratio 
to reference culture liquid 


membrane potential difference (mV) 
(potential difference for each 
reference culture liquid) 


cation exchange 
membrane 


anion exchange 
membrane 


1 


balanced composition 


0 


0 


K + decreased by 0.25 me/1, PH5.4 


-0.24 mV 


-0.02 


SO4 2 " decreased by 0.25 me/1, PH7.0 


0 


+0.23 mV 


0.90 


balanced composition 


-2.08 


+2.06 


K + decreased by 0.25 me/1, PH6.3 


-2.35 


+2.04 


SO4 2 " decreased by 0.25 me/1, PH7.1 


-2.06 


+2.34 


0.80 


balanced composition 


-4.94 


+4.93 


K + decreased by 0.25 me/1, PH5.1 


-5.51 


+4.90 


SO4 2 " decreased by 0.25 me/1, PH7.3 


-4.92 


+5.49 



As shown in the foregoing table, measurements of membrane potentials 
of two ion exchange membranes allow instantaneous determination of 
concentration decrease from that of the reference culture liquid and culture 
liquid composition at that time, with a precision of 0.1 mV or better. 

In the following, an example of a culture liquid composition automatic 
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regulating apparatus of the present invention will be explained with reference to 
a drawing. 1 indicates a culture liquid tank, and a culture liquid 2 in the 
culture liquid tank 1 is supplied by a pump 3 either continuously or 
intermittently by an operation of a timer 4, through a culture liquid supply pipe 
5 to a culture tank 6, and returns through a circulating pipe 7 to the culture 
liquid tank 1. As nutrition components in the culture liquid 2 are absorbed by 
the plant in the culture tank 6, the culture liquid 2, maintained at a constant 
liquid level in the culture liquid tank 1 by a liquid level regulator 8, shows a 
gradual decrease in the concentration of the nutrition components and an 
imbalance in the composition, leading to a PH change. For detecting these 
changes, three comparing electrodes 9, 10, 11 of a same kind chosen among a 
group consisting of Ag/AgCl electrode, a calomel electrode, an oxide electrode, 
etc. are employed, wherein one comparing electrode 10 is immersed in a 
container 13 whose walls include a cation exchange membrane 31 and an anion 
exchange membrane 32 as ion exchange membranes without mutual contact, and 
which is filled with a reference culture liquid 12 of an optimum composition for 
the object vegetable of culture and is provided in the culture liquid tank 1 in 
such a manner that these ion exchange membranes are in contact with the 
culture liquid 2, while two other comparing electrodes 9, 11 are immersed in the 
culture liquid 2 so as to be opposed to the comparing electrode 10 across these 
ion exchange membranes, whereby membrane potential differences are detected 
between the comparing electrodes 9, 10 and the comparing electrodes 10, 11 
respectively across the cation exchange membrane 31 and the anion exchange 
membrane 32. In case of a composition change in the culture liquid 2 as shown 
in the foregoing table, the correspondingly generated membrane potential 
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differences are transmitted, through leads 14, 15, 16 of the comparing electrodes 
9, 10, 11 to a composition regulator 17. In case a difference is generated in the 
absolute values of the potential difference between the comparing electrodes 9, 
10 namely the membrane potential difference on the cation exchange membrane 
and the potential difference between the comparing electrodes 10, 11 namely the 
membrane potential difference on the anion exchange membrane, and its value 
corresponds to a composition change requiring a correction, for example in case 
the potential difference between the comparing electrodes 9, 10 is larger to result 
in an imbalance of the composition with the PH of the culture liquid at the acidic 
side, a solenoid valve 19 is activated in response to a signal from the composition 
regulator 17 to pass the culture liquid 2, picked up by the pump 3, through a 
column 18 which is branched from the culture liquid supply pipe 8 and is filled 
with an anion exchange resin thereby elevating PH of the culture liquid 2 and 
returning it to the culture liquid tank 1. On the other hand, in case the 
potential difference between the comparing electrodes 10, 11 is larger to deviate 
the PH of the culture liquid to the alkaline side, a solenoid valve 21 is activated 
in response to a signal from the composition regulator 17 to pass the culture 
liquid 2 through a column 20 which is filled with a cation exchange resin thereby 
lowering PH. In this manner the composition regulator 17 outputs signals for 
activating the solenoid valve 19 or 21 for PH regulation of the culture liquid 2. 
In parallel, there is detected either of the two membrane potential differences 
between the comparing electrodes 9, 10 and between the comparing electrodes 10, 
11 or an average thereof, indicating a level of decrease in the culture liquid 
concentration, and, in case of a decrease in the culture liquid concentration 
requiring a correction, signals from the composition regulator 17 open solenoid 
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valves 25, 26, 27 of base liquid tanks 22, 23, 24 to supply the culture liquid tank 
1 with base liquids and the culture liquid 2 is made uniform by an agitator 29 
driven by a motor 28. 

When the difference between the potential differences between the 
comparing electrodes 9, 10 and between the comparing electrodes 10, 11 and 
both potential differences themselves become small within a tolerable range 
through these operations, all the solenoid valves 19, 21, 25, 26, 27 are closed by a 
signal from the composition regulator and the composition of the culture liquid 2 
is corrected substantially same as that of the reference culture liquid 12. In 
case the object vegetable shows a change in the optimum composition of the 
culture liquid depending on the growth stages, the reference culture liquid 12 in 
the container 13 is changed to a culture liquid of an optimum composition for 
each growth stage, whereby the composition of the culture liquid 2 can be 
automatically regulated. 

The foregoing example employs, as means for detecting the composition 
change in the culture liquid 2, three comparing electrodes 9„ 10, 11 of a same 
kind and a container 13 which is filled with a reference culture liquid 12 of an 
optimum composition for the growth of the object vegetable and of which a wall 
includes a cation exchange membrane 31 and an anion exchange membrane 32 
without mutual contact, namely a configuration shown in Fig. 2(a), but it is also 
possible to employ detecting means utilizing two comparing electrodes 10, 10' in 
the same container 13 as shown in Fig. 2(b), or, as shown in Fig. 2(c) to separate 
the ion exchange membranes of different polarities to two containers 13, 13% to 
detect the cation membrane potential difference in the structure with the 
container 13 having the comparing electrodes 9, 10 and the cation exchange 
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membrane 31 and the anion membrane potential difference in the structure with 
the container 13' having the comparing electrodes 10% 11 and the cation 
exchange membrane 32. 

Fig. 3 shows a control example of the culture liquid composition 
regulator 17. The cation exchange membrane potential difference Vk and the 
anion exchange membrane potential difference VA detected by the detectors are, 
as shown in Figs. 1 and 2, stabilized respectively through impedance converters 
33, 34 and then made equal in the polarity of the potential difference through 
absolute value amplifiers 36, 36. The processed two potentials are passed 
through a subtractor 37, and, in case the two potential differences requiring PH 
correction are different from each other, one of the hysteresis comparators 39, 
40 outputs a signal for elevating or lowering the PH. At the same time, the two 
processed potential differences are supplied to an adder 38 to transmit the 
average potential difference, calculated from the two potential differences, to a 
third hysteresis comparator 41, and, in case of the potential difference indicates 
that a concentration correction is required, there are generated signals for 
opening the valves 25, 26, 27 of the base liquid tanks 22, 23, 24. When the 
culture liquid is adjusted so that the difference between the two potential 
differences is within a permissible PH range and an average is a permissible 
concentration, the composition regulator 17 no longer outputs any signal, 
whereby the correction of the culture liquid composition is completed. 

For regulating the PH of the culture liquid, there has been explained a 
method of PH correction by passing the culture liquid through an ion exchange 
resin layer, but any means capable of regulating the PH of the culture liquid by 
an electrical signal from a controller, such as a method of replenishing an acid or 
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an alkali from auxiliary tanks of acid and alkali or a method of executing 
electrolysis through an ion exchange membrane, is applicable to the culture 
liquid composition automatic regulating apparatus of the present invention. 

As will be apparent from the foregoing example, the culture liquid 
composition automatic regulating method of the present invention and the 
regulating apparatus therefor, capable of detecting the concentration and PH of 
the culture liquid at the same time and executing correction of each, enables an 
inexpensive regulation with a less bulky apparatus, and thus is of large 
industrial value. 

4. Brief Description of the Drawings 

Fig. 1 is a structural view of a culture liquid composition automatic 
regulating apparatus showing an example of the present invention, Fig. 2(a), (b) 
and (c) are structural views respectively showing different examples of the 
culture liquid composition change detector in the regulating apparatus, and Fig. 
3 is a block diagram of a composition regulator of the regulating apparatus. 
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culture tank 
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liquid level regulator 



9, 10, 10', 11 comparing electrode 
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12 reference culture liquid 

13, 13* container 

14, 16, 18 leads 

17 composition regulator 
18, 20 column 

19, 21, 25, 26, 27 solenoid valve 

22, 23, 24 base liquid tank 

31 cation exchange membrane 

32 anion exchange membrane 
33, 34 impedance converter 

35, 36 absolute value amplifier 

37 subtractor 

38 adder 

39, 40, 41 hysteresis comparator 



[Fig. 3] 
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